Leisure-time physical activity was associated with a reduced risk for premenopausal breast cancer in this cohort. Premenopausal women regularly engaging in high amounts of physical activity during both adolescence and adulthood may derive the most benefit.
A quarter of all breast cancer diagnoses occur among premenopausal women ( 1 ), but few modifi able risk factors have been identifi ed. Breast cancers among young women are more likely to have a higher grade, increased proliferation rate, and higher vascular invasion and may be more diffi cult to treat than breast cancers among older women ( 2 , 3 ) . Moreover, risk factors such as body mass index (BMI) ( 4 , 5 ) , oral contraceptive use ( 6 ) , and reproductive characteristics ( 7 ) vary by menopausal status, suggesting different etiologies for pre-and postmenopausal breast cancers. An expert panel of the World Cancer Research Fund/American Institute for Cancer Research ( 8 ) and a recent systematic review ( 9 ) suggested that physical activity is associated with lower postmenopausal breast cancer incidence but that the relationship for premenopausal breast cancer is uncertain. Further unresolved questions include the role of physical activity at different age periods and intensity of activity on premenopausal breast cancer risk.
Physical activity has been hypothesized to reduce breast cancer risk through several mechanisms, including lowering the production or bioavailability of endogenous hormones such as estrogen, insulin, and insulin-like growth factor (IGF), which can act as mitogens ( 10 , 11 ) . Estrogen stimulates the growth and division of epithelial breast cells, which can potentially increase cancer risk by allowing for the propagation of genetic errors. Insulin and IGF may raise cancer risk by increasing cellular proliferation and
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Background
Physical activity has been consistently associated with lower risk of postmenopausal breast cancer, but its relationship with premenopausal breast cancer is unclear. We investigated whether physical activity is associated with reduced incidence of premenopausal breast cancer, and, if so, what age period and intensity of activity are critical.
Methods
A total of 64 777 premenopausal women in the Nurses' Health Study II reported, starting on the 1997 questionnaire, their leisure-time physical activity from age 12 to current age. Cox regression models were used to examine the relationship between physical activity, categorized by age period (adolescence, adulthood, and lifetime) and intensity (strenuous, moderate, walking, and total), and risk of invasive premenopausal breast cancer.
Results
During 6 years of follow-up, 550 premenopausal women developed breast cancer. The strongest associations were for total leisure-time activity during participants' lifetimes rather than for any one intensity or age period. Active women engaging in 39 or more metabolic equivalent hours per week (MET-h/wk) of total activity on average during their lifetime had a 23% lower risk of premenopausal breast cancer (relative risk = 0.77; 95% confidence interval = 0.64 to 0.93) than women reporting less activity. This level of total activity is equivalent to 3.25 h/wk of running or 13 h/wk of walking. The age-adjusted incidence rates of breast cancer for the highest ( ≥ 54 MET-h/wk) and lowest (<21 MET-h/wk) total lifetime physical activity categories were 136 and 194 per 100 000 person-years, respectively. High levels of physical activity during ages 12 -22 years contributed most strongly to the association.
survival ( 12 ) . Moreover, it has been hypothesized that the mechanism by which physical activity acts varies over time. Exposures during adolescence may be particularly relevant for breast cancer development because this period is characterized by increases in sex hormone levels and rapid proliferation of incompletely differentiated breast tissue. Among girls, strenuous activity is associated with later menarche and delayed establishment of regular menstrual cycles ( 13 -16 ) . Among adult women, exercise is related to decreased sex hormone levels, increased frequency of anovulation, and increased incidence of amenorrhea ( 17 -19 ) . Physical activity during both adolescence and adulthood may confer the greatest benefi t for breast cancer risk by lowering lifetime levels of hormone risk factors ( 20 ) . However, only three prospective studies ( 21 -23 ) , including one with only 12 breast cancer patients, have examined physical activity before adulthood, and none have examined lifetime activity in detail.
In this study, we investigated whether physical activity is associated with reduced incidence of premenopausal breast cancer, and if so, what age period and intensity of exercise are most critical. In two earlier prospective investigations, we did not detect an association between premenopausal breast cancer and leisure-time physical activity during adolescence ( 22 ) or adulthood ( 24 ) . Here, we used a more detailed measure of adolescent physical activity and investigated the role of lifetime (ages 12 years to current) physical activity. Based on proposed biologic mechanisms and some observational fi ndings, we hypothesized that physical activity is associated with reduced risk of premenopausal breast cancer.
Subjects and Methods

Study Population
The Nurses' Health Study II (NHSII) is an ongoing cohort study that began in 1989, when 116 608 female registered nurses (aged 25 -42 years) completed a self-administered questionnaire about risk factors for cancer. Biennially, participants are sent a follow-up questionnaire to update information on lifestyle factors and to report newly diagnosed conditions; response rates are approximately 90%. Reports of death are confirmed by searches of the National Death Index ( 25 , 26 ) .
For this analysis, we followed women for 6 years, starting in 1997, when participants, who were then 33 -51 years of age, reported their adolescent and adult physical activity. Women were excluded if they died before 1997, had a report of cancer (except for nonmelanoma skin cancer) before 1997, were diagnosed with breast cancer that was not invasive, did not report their physical activity during their youth, or were postmenopausal. After these exclusions, 64 777 eligible premenopausal women remained. This study was approved by the Human Subjects Committee at Brigham and Women's Hospital in Boston, Massachusetts. Written informed consent was assumed upon completion and return of the questionnaire.
Assessment of Physical Activity
In 1997, participants were asked about their walking or leisure-time activity (ie, outside of work) during five age periods: grades 7 -8 (ages 12 -13), grades 9 -12 (ages 14 -17), ages 18 -22, ages 23 -29, and ages 30 -34. For each period, participants reported the average hours per week they engaged in each of three activity categories, with examples given for each: strenuous (eg, running, aerobics, swimming laps), moderate (eg, hiking, walking for exercise, casual cycling, and yard work), and walking to and from school or work. In 1997 and again in 2001, participants reported the average hours per week spent on the following walking or leisure-time activities in the previous year: jogging, running, bicycling (including stationary machine), racquet sports, swimming laps, walking or hiking outdoors, calisthenics or aerobics, and other aerobic activities.
Occupational activity was assessed in 1997, when participants were asked to best describe their work activity during ages 23 -29 and 30 -34; answer choices were: not employed, mostly sitting, mostly standing, mostly walking with little lifting, mostly walking with much lifting, and heavy manual labor. Similar questions have been used in other studies ( 27 , 28 ) . In this investigation, we chose, a priori, to primarily examine activity outside of work because there was little variation in participants' reported occupational levels (86% reported mostly walking with little or some amount of lifting).
All these physical activity questions are available online ( 29 ) . When we evaluated the leisure-time physical activity measures, they had good reproducibility and validity. Recalled activity during the fi rst three life periods had high 4-year reproducibility in a subgroup of 160 NHSII participants (average correlation r = 0.76 for strenuous, r = 0.70 for strenuous plus moderate, and r = 0.64 for total activity) ( 30 ) . As for validity, our measure of physical activity in the previous year performed well when compared with previous week activity recalls ( r = 0.79, 95% confi dence interval [CI] = 0.64
CONTEXT AND CAVEATS
Prior knowledge
Physical activity is associated with reduced risk of breast cancer among postmenopausal women.
Study design
Cohort study of premenopausal nurses who were surveyed about the type and duration of leisure-time physical activity they engaged in during their lifetime and were monitored for breast cancer for 6 years.
Contributions
Average lifetime physical activity equivalent to 3.25 h/wk of running or 13 hours per week of walking was associated with a reduced risk for breast cancer compared with less activity (136 vs 196 breast cancers per 100 000 person-years). High amounts of physical activity during ages 12 -22 were the most important.
Implications
In this cohort, women who regularly engaged in high amounts of physical activity during adolescence and early adulthood had a lower risk of premenopausal breast cancer than women who engaged in less activity.
Limitations
The results are likely to be generalizable only to premenopausal white women. Nearly 90% of the women in the cohort also regularly engaged in regular occupational physical activity (walking). Other lifestyle behaviors may also be important. In addition, the physical activity data were based on recall. to 0.88) and separately, with four 7-day activity diaries ( r = 0.62, 95% CI = 0.44 to 0.75) in a subsample of NHSII participants ( 31 ) . Moreover, in a validation study among 238 men, higher past year vigorous activity, as self-reported on a similar activity assessment, was associated with lower resting pulse ( r = Ϫ 0.45) ( 32 ). Furthermore, among 50 women aged 20 -59, the physical activity score, as determined on a similar questionnaire, was correlated with maximal oxygen consumption (a measure of physical fi tness) ( r = 0.54) ( 33 ).
Estimation of Physical Activity by Intensity and Age
To classify intensity of leisure-time activity, each past year activity was assigned a metabolic equivalent (MET) value ( 31 ) based on the categorizations by Ainsworth et al. ( 34 ) . The MET value is the ratio of the metabolic rate of an activity divided by the resting metabolic rate and generally describes the effort required for that activity ( 34 ) . For example, running (12 METs) requires 12 times the energy as sitting quietly. We defined jogging, running, bicycling (including stationary machine), racquet sports, and swimming laps as strenuous ( ≥ 7.0 METs). Calisthenics or aerobics and other aerobic activity were moderate (4.0 -6.0 METs); walking was categorized separately, with METs assigned according to pace (average = 3 METs). The intensity categories were based on Centers for Disease Control and Prevention designations ( 35 ) and are consistent with a recent 2007 consensus ( 36 ) . In these analyses, strenuous, moderate, and walking activities were expressed in hours per week and calculated by summing the hours per week of each activity. Total activity, expressed in MET hours per week (MET-h/wk), was computed by multiplying the hours per week of strenuous, moderate, and walking activities with their corresponding MET value and summing the values. To estimate activity levels for the fi ve life periods, we assigned strenuous, moderate, and walking categories MET values of 7.0, 4.5, and 3.0, respectively.
To obtain mean leisure-time activity (for strenuous, moderate, walking, and total) during different age periods, we averaged activity levels for specifi c ages and across a woman's lifetime. We used linear interpolation to calculate yearly adult activity between the last life period report for ages 30 -34 and the past year assessments. For example, in the case of a woman who was 45 in 1997, linear interpolation was used to estimate her activity for each age between 34 and 45, assuming that activity changed at the same rate. Mean lifetime physical activity was calculated by averaging activity from age 12 to the participant's current age. For example, if the sum of a 45-year-old woman's total activity from ages 12 to 45 (as weekly averages for each year) was 1320 MET-h/wk, her lifetime average would be 38.8 MET-h/wk (1320 MET/34). We similarly computed mean activity levels of women at ages 12 -22 (referred to as "youth" for simplicity), 23 -34, and 35 and older.
For occupational activity, we assigned MET values based on the occupational activity categorizations of Ainsworth et al. ( 37 ) : mostly sitting (1.5 METs), mostly standing (3.0 METs), mostly walking with little lifting (3.8 METs), mostly walking with much lifting (4.5 METs), and heavy manual labor (7.0 METs). We estimated work activity in MET-h/wk by multiplying 40 h/wk (the average work week in the United States) by the activity's corresponding MET value. Thus, if a respondent chose mostly sitting during ages 23 -29, her estimated work activity would be 60 MET-h/wk (1.5 METs × 40 h/wk). Occupational activity during ages 23 -34 was obtained by calculating a weighted average of activity levels from ages 23 -29 and 30 -34 with the weights being the number of years in each period. Leisure plus occupational activity, in MET-h/wk, was the average of the two values. Individuals who reported not being employed were excluded from the occupation-related analyses.
Assessment of Incident Breast Cancer
Self-reported diagnoses of breast cancer on biennial NHSII questionnaires were confirmed by study physicians who, blinded to patient exposure status, reviewed participants' medical records and pathology reports. Details about the diagnosis, including hormone receptor status, were also recorded. We identified 739 premenopausal women with a breast cancer diagnosis between 1997 and 2003 who had physical activity data. We excluded all in situ cancers (n = 159) and 30 unconfirmed breast cancer diagnoses, leaving 550 women with diagnoses of invasive premenopausal breast cancer during follow-up. There were too few invasive postmenopausal breast cancers (n = 129) during the follow-up period to analyze separately.
Covariates
Age at menarche, height, childhood body shape, and menstrual length and pattern during ages 18 -22 years were reported on the 1989 questionnaire. Birthweight was reported in 1991, and alcohol and fat intakes were obtained on the 1995 questionnaire. Information on other risk factors used in this investigation, including parity, age at first birth (afb), history of benign breast disease, oral contraceptive use, menopausal status, use of multivitamins, smoking, and body weight, were reported on the 1997 questionnaire and updated every 2 years on subsequent questionnaires. Television watching was reported in 1997. Information about family history of breast cancer in mother and/or sister was obtained in 1989 and 1997, and data on socioeconomic status were collected in 1999 and 2001.
Statistical Analysis
Each participant contributed person-time from the return date of her questionnaire in 1997 until menopause, a diagnosis of breast cancer or other cancer (except nonmelanoma skin cancer), death, or the end of follow-up on June 1, 2003, whichever came first, giving 335 681 person-years of follow-up. Person-time was assigned to the appropriate level of physical activity and covariate categories at the beginning of each 2-year questionnaire cycle.
Spearman rank correlation coeffi cients between physical activity categories and their associated 95% confi dence intervals were based on the arcsine transformation approach ( 38 ) . For breast cancer risk, Cox proportional hazards models were used to estimate the age-adjusted and multivariable-adjusted relative risks (RRs) and their 95% confi dence intervals. Age in months was the time scale. Physical activity exposures were divided into approximate quintiles and grouped into categories divisible by 3, the MET of average-paced walking. Relative risks represented the ratio of breast cancer incidence rates comparing each upper category of physical activity with the lowest group, adjusting for risk factors.
In multivariable analyses, we adjusted for several established risk factors for breast cancer: age (months), average childhood body shape [collapsed pictogram scale from 1 to ≥ 5, ( 39 )], duration and recency of oral contraceptive use (never, past <4 y, past ≥ 4 y, current < 4 y, and current ≥ 4 y), history of benign breast disease (yes, no), mother or sister with breast cancer (yes, no), parity and age at fi rst birth (nulliparous; parity 1 -2, afb < 25; parity 1 -2, afb 25 -29; parity 1 -2, afb ≥ 30; parity ≥ 3, afb < 25; parity ≥ 3, afb 25 -29; parity ≥ 3, afb ≥ 30), current alcohol consumption (none, >0.0 -1.4 g/d, 1.5 -4.9 g/d, 5.0 -9.9 g/d, ≥ 10 g/d), and height (inches). Adjustment for other possible confounders (smoking, smoking cessation, animal fat intake, birthweight, television watching, multivitamin use, and socioeconomic status) did not change the relative risk estimates and were omitted from our fi nal model. We did not include BMI or age at menarche as core covariates because we considered them as intermediates in the causal pathway between physical activity and breast cancer. However, these and other hypothesized intermediates were evaluated in additional models to examine potential mechanisms for the activity -breast cancer associations (discussed in "Results"). Tests for linear trend were performed by modeling the exposure as a continuous variable (there were no outliers). We examined effect modifi cation by factors (BMI, oral contraceptive use, parity) that had biologic plausibility and for which we had suffi cient numbers to conduct stratifi ed analyses; tests of interaction were based on a Wald test of the interaction term. We observed no violation of proportional hazards by age. In ad hoc analyses to further investigate which age periods were critical for the association with breast cancer risk, we examined whether adolescent and adult activity were statistically signifi cantly different from each other by entering both in the same regression model as continuous terms and evaluating whether the difference between their betas was statistically signifi cant. For this, we used the test statistic (beta1 Ϫ beta2)/standard error (beta1 Ϫ beta2) and a standard normal table to evaluate the P value.
All P values were two-sided. A P value less than .05 was considered statistically signifi cant for all analyses. These analyses were performed using SAS version 9.0 (SAS Institute Inc, Cary, NC).
Results
We first examined the pattern of total levels of leisure-time physical activity over time when participants were between the ages 12 and 55 (eldest in 2001). Women's average total activity levels declined appreciably with age ( Figure 1 ) . At young ages, women engaged in mostly strenuous or moderate activities; for adults, walking was most common.
Several established or possible risk factors for breast cancer were associated with leisure-time physical activity at the start of follow-up in 1997 ( Table 1 ) . After adjusting for age, physically active women were more likely to currently use oral contraceptives, to be nulliparous, to be taller, to consume greater than 10 grams of alcohol (about one glass of wine) per day, to take multivitamins, and to be current smokers. They had lower BMI (childhood, at age 18, and current) and animal fat intakes. More active women also were less likely to have an early age at menarche (<12 years) and long (>40 days) menstrual cycles than less active women. The magnitudes of these associations were modest.
We investigated the role of intensity of leisure-time physical activity by conducting separate analyses of average lifetime strenuous, moderate, walking, and total activities ( Table 2 ). The strongest association was for total activity. Risk of breast cancer was lower for women reporting 54 or greater MET-h/wk of total activity than for those reporting less than 21 MET-h/wk (RR = 0.77, 95% CI = 0.59 to 1.01; P trend = .04). The age-adjusted incidence rates of breast cancer for these highest ( ≥ 54 MET-h/wk) and lowest (<21 MET-h/wk) total activity categories were 136 and 194 per 100 000 person-years, respectively. Because the results ( Table 2 ) suggested a threshold effect, we compared women with 39 or greater MET-h/wk of total activity (equivalent to 3.25 h/wk of running) vs those with less than 39 MET-h/wk. We found a similar association (RR = 0.77, 95% CI = 0.64 to 0.93), suggesting a threshold effect. Results for strenuous, moderate, and walking activities were not statistically signifi cant and were further attenuated when we mutually adjusted for each activity, suggesting that the association was not dependent on a single intensity but rather on total activity. The moderate correlations between the different intensities limited the ability to identify one as most important.
To evaluate the role of leisure-time physical activity during specifi c ages of life, we examined total activity during three different life periods ( Table 3 ) . Activity during ages 12 -22 had the strongest association. Higher total activity during that period was statistically signifi cantly associated with a 25% lower breast cancer risk (for ≥ 72 vs <21 MET-h/wk, RR = 0.75, 95% CI = 0.57 to 0.99; P trend = .05). The relative risks were attenuated after mutually adjusting for activity at age 23 years or older (data not shown; between 12 -22 and ≥ 23 age periods, r = 0.55, 95% CI = 0.56 to 0.57). The associations with activity during ages 12 -17 years were similarly inverse (for ≥ 78 vs <21 MET-h/wk, RR = 0.76, 95% CI = 0.58 to 0.99; P trend = .09; data not shown). We observed a suggestion of lower breast cancer risk with higher total activity during ages 23 -34 ( P trend = .06), but no association with reduced risk was apparent after age 35.
Because activity declined with age, we modeled activity during the three age periods as continuous terms and calculated the relative risks for the same 21 MET-h/wk increment of total activity to be able to make direct comparisons between relative risks. The estimates for the different age periods were similar ( Ϫ 4% to Ϫ 6%, Table 3 ) and not independently statistically signifi cant. A 21 MET-h/wk increase of lifetime activity was statistically significantly associated with a 9% reduction in risk.
We next categorized activity for 12 -22 years (youth) and for 23 years and older (adulthood) into tertiles and cross-classifi ed them to examine whether a specifi c pattern of activity was related to breast cancer risk ( Table 4 ). The relative risk for the high during youth and low during adulthood (high -low) activity pattern (RR = 0.63, 95% CI = 0.35 to 1.11) was similar to that of the high -high activity pattern (RR = 0.70, 95% CI = 0.53 to 0.93), suggesting that high levels of leisure-time physical activity during ages 12 -22 were important, no matter the activity level during later years. However, most women were either inactive (low -low) or active (high -high) during both youth and adulthood, limiting our ability to examine specifi c age periods. Moreover, the associations with risk for activity during youth and adulthood were not statistically signifi cantly different from each other when we entered each type of activity in the same regression model as continuous terms and evaluated the statistical signifi cance of the difference between their betas.
Because error in self-reporting can bias results, we corrected for measurement error by regression calibration ( 40 , 41 ) using past year adult activity from an earlier validation study ( 31 ) . With the correction, we observed a 39% lower breast cancer risk for total lifetime physical activity comparing the most with the least active women, suggesting that our original estimate of a 23% lower risk was an underestimate of reduced risk.
We also evaluated the relationship between total lifetime physical activity and breast cancer risk by hormone receptor status. We observed a non -statistically signifi cant inverse association for both estrogen receptor (ER) -positive (RR = 0.76, 95% CI = 0.54 to 1.06; P trend = .15, for 363 patients) and ER-negative (RR = 0.89, 95% CI = 0.48 to 1.63; P trend = .21, for 103 patients) breast cancers for the highest vs lowest categories of activity. Moreover, there were similar, non -statistically signifi cant inverse associations for breast cancers with concordant ER and progesterone receptor (PR) status (comparing the most vs least active women: for ER+/ PR+, RR = 0.80, 95% CI = 0.56 to 1.15, and for ER -/PR -, RR = 0.86, 95% CI = 0.46 to 1.61). There were too few patients to examine discordant receptor status (eg, ER -/PR+ or ER+/PR -).
Physical activity has been hypothesized to infl uence breast cancer risk by changing menstrual characteristics or BMI. Thus, we assessed the association between total lifetime activity and breast cancer risk after adjusting for age at menarche, regularity and length of menstrual cycle during youth and adulthood, and BMI (at age 18, current, and cumulatively updated). Relative risks were not appreciably different.
Lastly, we examined whether the relationship between total lifetime activity and breast cancer risk varied according to BMI, parity, or oral contraceptive use ( Table 5 , stratifi ed analyses). Among women with a BMI of less than 25.0 kg/m 2 in 1997, the most active women had a 32% lower risk compared with the least active women (RR = 0.68, 95% CI = 0.48 to 0.98; P trend = .02). However, among overweight women (BMI ≥ 25 kg/m 2 ), activity was not statistically signifi cantly associated with breast cancer risk (RR = 0.85, 95% CI = 0.56 to 1.30; P trend = .60). In addition, we observed a statistically signifi cant inverse activity -breast cancer risk association among parous women (most vs least active; RR = 0.72, 95% CI = 0.53 to 0.98; P trend = .02) but not among nulliparous women (RR = 1.08; P trend = .68). However, formal tests for interaction with current BMI ( P = .10) and parity ( P = .45) were not statistically signifi cant. Moreover, there were no substantial differences by subgroups of BMI at age 18 (<20.5 kg/m 2 , ≥ 20.5 kg/m 2 , approximate median) or by oral contraceptive use (never, past, present use) in stratifi ed analyses.
There was little variation in work-related activity, with 86% of participants reporting mostly walking. The association of occupational activity during ages 23 -34 years with breast cancer risk was non -statistically signifi cantly inverse (for >171 vs <114 MET-h/wk, RR = 0.83, 95% CI = 0.63 to 1.09; P trend = .42). The relative risk for leisure plus occupational activity during ages 23 -34 years was 0.80 (for ≥ 216 vs <147 MET-h/wk, 95% CI = 0.61 to 1.04, P trend = .07). The correlation between occupational and total leisure-time activity during ages 23 -34 years was low ( r = 0.10, 95% CI = 0.10 to 0.11).
Discussion
In this large prospective study, total activity was most strongly associated with lower risk of premenopausal breast cancer. Women who had engaged in at least 39 MET-h/wk of total activity on average from ages 12 years onward had a 23% lower risk of premenopausal breast cancer than the least active women. This activity level translates to about 3.25 h/wk of running or 13 h/wk of walking. High quantities of total activity during youth (12 -22 years) appeared to contribute most to this benefit.
Epidemiological results for the association of physical activity with premenopausal breast cancer risk have been inconsistent ( 8 , 9 ) . Direct comparisons between investigations are particularly challenging due to the diversity in physical activity assessments, types of activity (eg, leisure time, occupational, household, total), units of activity, and the various study populations examined ( 42 ) . For adolescent or lifetime leisure-time activity, there have been at least three prospective studies ( 21 -23 ) and 15 case -control studies ( 20 , 43 -56 ) examining premenopausal breast cancer risk. Wyshak and Frisch ( 21 ) observed a very strong association between physical activity and reduced risk for breast cancer (RR = 0.16, 95% CI = 0.04 to 0.64) in a prospective analysis comparing US college athletes vs nonathletes, but results were unstable, based on 12 patients. In a Swedish cohort, Margolis et al. ( 23 ) did not detect a relationship for physical activity at age 14 or for consistently high activity levels at ages 14 and 30 and enrollment and premenopausal breast cancer risk. In an earlier NHSII analysis, we did not .04
* RR = relative risk; CI = confidence interval; MET-h/wk = metabolic equivalent hours per week. † Adjusted for the following covariates: age (months), average childhood body shape (collapsed pictogram scale from 1 to ≥ 5), duration and recency of oral contraceptive use (never, past <4 y, past ≥ 4 y, current < 4 y, and current ≥ 4 y), history of benign breast disease (yes, no), mother or sister with breast cancer (yes, no), parity and age at first birth (afb) (nulliparous; parity 1 -2, afb < 25; parity 1 -2, afb 25 -29; parity 1 -2, afb ≥ 30; parity ≥ 3, afb < 25; parity ≥ 3, afb 25 -29; parity ≥ 3, afb ≥ 30), current alcohol consumption (none, >0.0 -1.4 g/d, 1.5 -4.9 g/d, 5.0 -9.9 g/d, ≥ 10 g/d), and height (inches). P trend values (two-sided) were computed using the Wald test statistic.
detect statistically signifi cant associations between strenuous activity during high school or ages 18 -22 and risk of premenopausal breast cancer ( 22 ) ; however, the two-question activity measure used for the analysis was probably not suffi ciently detailed. Among case -control studies reporting on premenopausal breast cancer, six observed statistically signifi cant associations ( 20 , 43 -48 ) , ranging from moderate to strong decreased relative risks, and one ( 49 ) reported borderline, non -statistically signifi cant inverse associations. Our study is consistent with these fi ndings. Other case -control studies ( 50 -56 ) have not found statistically signifi cant associations. For adult leisure-time activity, previously conducted cohort studies ( 23 , 24 , 27 , 57 -63 ) have not observed statistically signifi cant associations with premenopausal breast cancer risk, consistent with the current study and an earlier NHSII analysis ( 24 ) . This fi nding may be due, in part, to declining levels of physical activity after age 35; for example, few participants in our study reported very vigorous activities such as running. Few studies have examined associations between occupational physical activity and breast cancer risk. Among four cohort studies, two observed statistically signifi cantly decreased risks ( 27 , 64 ) with occupational activity whereas two reported no statistically signifi cant associations ( 63 , 65 ) . Among six case -control studies ( 47 , 49 , 52 , 66 -68 ) , no statistically signifi cant associations with occupational activity were reported. Studies have varied in the quality and completeness of their assessments of physical activity, and in some investigations sample sizes have been small. Table 2 . RR = relative risk; CI = confidence interval; MET-h/wk = metabolic equivalent hours per week. † Percent change in relative risk for a 21 MET-h/wk increase in total physical activity during the specific age period, from regression models with activity as a continuous term. For total activity averaged across the lifetime (ages 12 to present), a 21 MET-h/wk increase in activity was statistically significantly associated with a Ϫ 9% risk ( P trend = .04). Table 2 . The "low youth" category consisted of women in the bottom tertile of total activity (average of <8 MET-h/wk) during ages 12 -22, whereas "high youth" represented those in the top tertile of total activity (average of >43 MET h/wk) during that age. The "low adulthood" category consisted of women in the top tertile of total activity (average of <13 MET h/wk) from ages 23 years to present, whereas "high adulthood" represented women in the top tertile of total activity (>26 MET h/wk) during that age. Not included in this table are 308 breast cancer patients and 180 454 person-years of women in the other cross-classifications of low, medium, and high categories of activity during youth and adulthood. RR = relative risk; CI = confidence interval; MET-h/wk = metabolic equivalent hours per week.
Our study adds to the current literature by being, to our knowledge, the fi rst prospective study to collect data for a broad range of etiologically relevant ages (in this study, from ages 12 to a maximum of 55) and to prospectively examine the role of activity throughout life. Further strengths of this investigation include its relatively large number of premenopausal invasive breast cancers and the medical confi rmation of cancer diagnoses. In addition, the age-and multivariable-adjusted relative risks were similar, suggesting no major sources of confounding.
This study also has some limitations. First, we relied on selfreported activity, which will inevitably be imperfect. In our previous investigations, these physical activity questions had good reproducibility ( 30 ) and validity as compared with 7-day activity diaries in a subgroup of NHSII participants ( 31 ) . Moreover, selfreported physical activity using a similar questionnaire was well correlated with lowered resting pulse in men ( 32 ) and maximal oxygen consumption in women ( 33 ) . Second, adult activity between questionnaire cycles was linearly interpolated. Although errors due to reporting and estimation of activity levels are inevitable, when we corrected for such errors in the analysis, we observed a stronger risk reduction (39%), indicating that our original estimate may have underestimated the association. Third, physical activity was correlated across different ages and intensities, as has been seen in other studies ( 69 , 70 ) ; this limited the ability to statistically identify one age period and intensity with the strongest association.
Our results are applicable to premenopausal white women. Although participants were registered nurses at the initiation of the study, previous exposure -disease relationships in this cohort, including those for breast cancer, have been confi rmed in other populations, suggesting that our fi ndings are generalizable on a population level. Although this study focused primarily on leisure-time activity, we did not observe much variation in physical activity at work (most reported walking) or a statistically signifi cant association between occupational physical activity and breast cancer risk. Despite homogeneity in occupation levels, there was suffi cient variation in leisure-time activity to examine associations with breast cancer risk.
Physical activity has been hypothesized to lower breast cancer incidence through several hormone-related mechanisms ( 71 ) . Estrogen is strongly implicated in breast cancer etiology ( 72 , 73 ) . Physical activity can delay menarche or change menstrual cycle characteristics ( 71 , 74 ) and thus alter women's lifetime exposure to the mitogenic effects of sex hormones ( 16 ) . We observed modest changes in menstrual characteristics with increasing activity levels. Furthermore, among NHSII women, physical activity during adulthood has been inversely associated with plasma concentrations of luteal phase estrodiol, free estradiol, and estrogen ( 75 ) . Second, physical activity is known to lower insulin concentrations ( 76 ) . Insulin can increase hepatic production of IGF ( 12 , 77 ) and may raise levels of bioactive IGF and estrogen by lowering hepatic secretion of their respective binding proteins. IGF has been associated with increased premenopausal breast cancer risk ( 78 ) , but results are confl icting ( 79 , 80 ) . We observed suggestive inverse associations for both ER+ and ER Ϫ breast cancers, as had a previous study ( 81 ) , suggesting that both ovarian and nonovarian hormonal mechanisms could be involved.
Although most studies suggest that physical activity during adulthood is associated with at least a 20% reduced risk of postmenopausal breast cancer ( 9 , 82 ) , this and other investigations indicate that women need to regularly engage in physical activity starting at a young age to achieve a comparable benefi t for premenopausal breast cancer. Unresolved questions for future investigations include whether higher physical activity during adolescence is associated with reduced risk of postmenopausal breast cancer, the role of physical activity at earlier ages such as during childhood, the role of occupational activity, and the mechanisms underlying a potential association with breast cancer risk. Only a handful of case -control studies have reported results in African American ( 46 , 48 ) and Hispanic ( 48 , 83 ) populations, and it is unclear whether the physical activity -breast cancer association differs by ethnicity.
In conclusion, these results suggest that consistent physical activity during a woman's lifetime is associated with decreased breast cancer risk. Unlike many risk factors for breast cancer, physical activity is an exposure that can be modifi ed. This association, if found to be causal, has public health implications for prevention. Moreover, physical activity at any age promotes health in many ways ( 84 , 85 ) , and even walking has several well-documented benefi ts ( 86 ) . Although the underlying mechanisms require further study, this research supports the benefi ts of regular exercise during all ages among women. Table 2 . RR = relative risk; CI = confidence interval; MET-h/wk = metabolic equivalent hours per week; BMI = current body mass index, as reported in 1997.
